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ART-UNIT: 271 

PRIMARY-EXAMINER: Black; Thomas G. 
ASSISTANT-EXAMINER: Alam; Hosain T. 
ATTY-AGENT-FIRM: Gates & Cooper 

ABSTRACT: 

The system, method, and program of this invention, referred to herein as nest 
elimination, performs query rewrite transformations, within a database management 
system (DBMS), for a certain class of object queries over views that involve 
derived nested sets. The nest elimination algorithm uses query rewriting to avoid 
computing these nested sets in certain common cases. For each quantifier in a query 
(if the quantifier is defined over a nested set that is a part of a view or if the 
quantifier is implemented by a subquery that projects a NEST aggregate) the 
following functions are performed: a) resetting an element to which a quantifier is 
bound in the database query to an argument of a nest aggregate function in a nest 
subquery of a view; b) adding a null testing predicate to the rewritten database 
query; c) adding quantifiers defined within the nest subquery to the rewritten 
database query; d) adding predicates from the nest subquery of the view to the 
rewritten database query; and e) rewriting each expression involving a quantifier 
over an instance into a path expression. The resulting rewritten query is then 
further processed by the DBMS such as through a query optimizer, etc. By avoiding 
nested set computations for a certain class of queries, the rewritten query can 
result in improved processing performance. 
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TITLE: Database management system, method, and program for providing query rewrite 

transformations for nested set elimination in database views 

Brief Summary Text (6) : 

Databases are computerized information storage and retrieval systems. A relational 
database management system (RDBMS) is a database management system (DBMS) which 
uses relational techniques for storing and retrieving data. Relational databases 
are organized into tables which consist of rows and columns of data. The rows are 
formally called tuples. A database will typically have many tables and each table 
will typically have multiple tuples and multiple columns. The tables are typically 
stored on random access storage devices (DASD) such as magnetic or optical disk 
drives for semi-permanent storage. 

Brief Summary Text (8) : 

In object-oriented databases (00DB) , the database is organized into objects having 
members that can be pointers to other objects. An object can have parent-child 
hierarchical relationships. The objects contain references, and collections of 
references, to other objects in the database, thus leading to databases with 
complex nested structures. 

Brief Summary Text (9): 

The integration of object technology and database systems has been an active area 
of research for the past decade. One important aspect of the integration of these 
two technologies is the provision of efficient, declarative query interfaces for 
accessing and manipulating object data. Compared to other aspects of object- 
oriented database (OODB) technology, such as integrating persistence into object- 
oriented languages like C++ and Smalltalk, queries were given relatively little 
attention in the early days of OODB research. See "Third Generation Data Base 
System Manifesto, Mike Stonebraker, Computer Standards & Interfaces, 12, December 
1991. In " Object-Oriented Database Systems: Promise, Reality, and Future," Won Kim, 
Proc. 19th International Conference on Very Large Data Bases, Dublin, August 1993, 
it is pointed out that even today, a number of commercial , OODB systems are quite 
weak in this regard. As the OODB field has develpped, however, a number of 
proposals for OODB query languages have appeared in the database literature 
including the following: 

Brief Summary Text (11) : 

"A Model of Queries for Object-Oriented Databases, " Kim, Won; Proc. 15th 
International Conference on Very Large Data Basses, Amsterdam, August 1989. 

Brief Summary Text (12) : 

"A Query Language for the O.sub.2 Object-Oriented Database System," Bancilhon, 
Francois; Cluet, S.; Delobel, C; Proc. 2nd International Workshop on Database 
Programming Languages, Hull, Richard; Morrison, Ron; Stemple, David, editors; 
Gleneden Beach, June 1989, Morgan-Kaufmann Publishers, Inc. 

Brief Summary Text (15) : 

"Querying Object-Oriented Databases, " Kifer, Michael; Kim, Won; Sagiv, Yehoshua; 
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Proc. ACM-SIGMOD International Conference on Management of Data, San Diego, June 
1992. 

Brief Summary Text (18) : 

While proposals outnumber actual implementations, several of these language designs 
have indeed been implemented as the query interfaces for significant commercial 
OODB products. See, "A Query Language for the 0.sub.2 Object-Oriented Database 
System," Bancilhon, Francois; Cluet, S.; Delobel, C; Proc. 2nd International 
Workshop on Database Programming Languages, Hull, Richard; Morrison, Ron; Stemple, 
David, editors; Gleneden Beach, June 1989, Morgan-Kaufmann Publishers, Inc. See 
also, "Query Processing in the ObjectStore Database System," Orenstein, Jack; 
Haradhvala, Sam; Margulies, Benson; Sakahara, Don; Proc. ACM-SIGMOD International 
Conference on Management of Data, San Diego, June 1992. 

Brief Summary Text (20) : 

Furthermore, it should be noted that SQL has object relational queries, and 
Illustra Relational Database System has object oriented features in it. 

Brief Summary Text (22) : 

A query can declaratively specify the contents of a view. For relational databases, 
a view is essentially a virtual table having virtual rows and virtual columns of 
data. Although views are not directly mapped to real data in storage, views can be 
used for retrieval as if the data they represent is actually stored. A view can be 
used to present to a user a single logical view of information that is actually 
spread across multiple tables. 

Brief Summary Text (27) : 

The invention presented herein is in the framework of an OMG compliant (See "OMG. 
Object Services Request for Proposals," OMG TC Document 94.4.18, 1994; and "OMG. 
Object Query Service Specification, Joint Submission," OMG TC Document 95.1.1,. 
1995) Object Query Service which is based upon SQL queries and other technology for 
handling the requirements of object technology. Although the preferred embodiment 
is described in relation to an object oriented database system, the invention is 
applicable to other database systems including relational and hierarchical database 
systems . 

Detailed Description Text (2) : 

An explanation of some of the terminology used herein is provided below. Although 
the following definitions are described using terminology applicable to relational 
databases (e.g., tables, columns, rows, attributes) the terminology is applicable 
to other systems (e.g., object-oriented or hierarchical systems and databases) by 
substituting the appropriate corresponding entity. For example, the terms " table, " 
"view (either an 00 view or relational view)", object, or a queryable collection of 
objects can all be used interchangeably herein. Likewise, the term "row" in a 
relational model could be equated with an object that is within a collection of 
objects in an object model. Likewise, the term "attribute" in a relational model 
could be equated with a member function or data member in an object model. The word 
"entity" or "element" is used generically in the context of both relational and 
object-oriented systems. It should be noted that because the models are different, 
there is not necessarily an exact correlation between the two. Likewise there are 
many different object models so the correlation between relational and object 
models must be quite flexible and should be loosely defined. 

Detailed Description Text ( 6) : 

View : A view is an example of a virtual table (or a virtual collection of queryable 
objects ) . That is, it is generally not physically materialized anywhere until it is 
needed, such as when an SQL statement references it, for example. The metadata 
about the view (including the name of the view, the names and data types of each 
column and the way in which the rows are to be derived) is stored persistently in 
the database's metadata, but the actual data that a user can see in the view are 
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not physically stored anywhere in association with the derived table. Rather, the 
data are stored in base tables (persistent base tables in SQL) from which the 
view's rows are derived. 

Detailed Description Text (10) : 

The preferred embodiment of this invention is incorporated into OOSQL, an Object- 
Oriented Query Service which provides SQL based query access to C++ programming 
language environments, Object-Oriented Systems (OOSs) (such as VAC++, SOM, and SOM 
4 00) and Object-Oriented Database Systems (OODBs) . In contrast to the ObjectStore, 
02, and ODMG-93 query interfaces, the present invention is embodied in an OODB 
query interface that provides an upward compatible extension to SQL-92 (ISO. sub. — 
ANSI . Database Language SQL ISO/IEC 9075:1992, 1991). This enables programmers 
familiar with SQL to write OODB queries without learning an entirely new language. 
They simply learn about the object extensions. Also, this enables the many tools 
that have been built for relational systems to access OODB data via interfaces such 
as ODBC. (Microsoft. Programmer's Reference, Microsoft Open Database Connectivity 
Software Development Kit, 1992.) 

Detailed Description Text (11): 

In relational database management systems (DBMSs) using the SQL-92 query language, 
columns are of simple atomic types, and columns appear in queries as c or q.c where 
c is a column of some table and q is a correlation name (i.e., a range variable) 
defined over a table. In query languages for Object-Oriented DBMSs, column 
expressions are replaced with path expressions that allow traversal through 
pointers, embedded classes, structs, multi-valued collections, and relationships to 
reach nested data members. The SQL3 draft (See Understanding the New SQL: A 
Complete Guide; Jim Melton and Alan R. Simon; Morgan-Kaufmann Publishers, Inc., 
1993; See also, ISO-ANSI Working Draft: Database Language SQL (SQL3) , Jim Melton, 
editor; ISO/IEC SC21 WG3 DBL YOW-004 and ANSI X#H2-94-084. ISO. sub.— ANSI, 1995) 
proposes traversal through embedded Abstract Data Types (ADT) . The characters 
are used to express traversal through embedded types. For example, if address is an 
ADT of type Address, then e . address .. zip expresses the traversal through the 
Address structure to obtain the data member zip. 
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707 
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ART-UNIT: 237 

PRIMARY-EXAMINER: Black; Thomas G. 
ASSISTANT-EXAMINER: Lintz; Paul K. 
ATTY-AGENT-FIRM: Flynn; John D. 

ABSTRACT: 

Logical Data Access to the physical structure of a relational database is provided 
for one or more Applications. Applications are developed using the logical entity 
types and logical entity type attribute names as described in a logical data model. 
The Applications then use a Logical Data Access Interface to access each of the 
required physical relational database tables via the Logical Data Access Layer. 
Applications then use logical entity type and logical entity type attribute names 
as specified in the Logical Data Model in making Logical Data Requests to the 
Logical Data Access Layer. The Logical Data Access Layer provides a rich set of 
functions for allowing an Application to control and manage a database, build and 
execute database queries and interface with physical database. The Logical Data 
Access Layer determines which of the physical tables and associated columns are 
required to satisfy the Application request and then builds one or more database 
query statements containing the appropriate physical table and column names. 
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ABSTRACT : 

A system for program development and execution consisting of a high level 
programming language based on a four part rule organization, consisting of a rule 
definition, a list of conditions, a list of actions which are taken upon 
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satisfaction of a corresponding condition, and a list of exception handlers. The 
high level language is translated into an internal representation which controls a 
virtual stack machine. The virtual stack machine performs dynamic binding of rules 
and data to the. current rule. Data access events are supplied through a table 
access method which provides an interface to the variety of sources of data coupled 
to the system. These sources of data include screens, import/export mechanisms, a 
foreign database system, such as IMS, and a local database system known as the 
table data store. The table data store organizes data in an object oriented, 
relational system, where each table is ordered on a primary key. Also, the table 
access method performs selection and ordering operations on the tables accessible 
through the table access method, implements and triggers invalidation routines upon 
data access events, in a recursive relationship with the virtual stack machine, and 
provides a common view of data stored across the heterogeneous data stores coupled 
through servers to the table access method. The ordered tables are subdividable by 
additional parameters associated with table names. 

18 Claims, 40 Drawing figures 
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